(2) Japanese Patent No. 2810370 (1998) 

"FOCUSED ION BEAM PROCESSING METHOD" 



The following is English translation of [Claim 1] and [Advantageous Effect 
of the Invention] from the above-identified document relevant to the present 
application. 

[Claim 1] 

A focused ion beam processing method comprising the steps of: 

irradiating and scanning in a vacuum atmosphere an area of a movable 

material to be processed mounted on a stage positioned for processing or observation 

with a focused ion beam to process said area, 

halting the irradiation of said focused ion beam to stop processing of said 

area, 

irradiating and scanning an observation area comprising said area to be 
processed and its periphery with a focused ion beam focused more narrowly than that 
for irradiating said area to be processed from a direction different from an irradiation 
direction of said focused ion beam in relation to a surface of said area to be 
processed while halting the irradiation of said focused ion beam, 

detecting a secondary electron generating from said observation area with 
irradiation and scanning of said focused ion beam to display a SEM image of said 
observation area. 

[Advantageous Effect of the Invention] 

As described above, according to the present invention, since a SEM image 
of a process hole can be obtained without moving a sample or a material to be 



processed even while processing the sample or the material with a focused ion beam, 
an advantageous effect of promptly monitoring processing depth by ion process and 
observing a bottom face shape of the process hole is achieved. 
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(57) [4*tt»#a>«SB] 

-A0^lt^^it^-frfc«alT*Bn«S»iox^m(D^®fc 

^r^iA^ t,fiSB^*Dx^ y m < & o fcju-fcrn?- tr-A 
Reams u Hnem^m^if-A^^it^Sfc^oTmi 
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(D«*DXti^fC^^ * > tf- A U T mJ«S« 

*Di«^ioiL, g£toX(D&4 a u:^TnflI5Jiijfc^* 

*nx^(7)^® ic*rr * nasam^ * > tf- u<r>mm* 
rai {- *t u * nilK^Aoxfi^^ y ffl < & o 

fc JUSfcm^ tf— A £iftgB8rt0XfSig <h *<Difi««Bi* <t An 

rcg^x mum** * > e- a fie^jnxfim 
rcraititg t r*Dx^fr ? - <t £ r zmzu * > 

tf— AADX^o 



3 

(Dfciiiifatti::*** * > tr- a $KR£t££ urfiE« 
y fita«t*Dx^^t^ •=> ss£-f & 2 u r 

lflE&toXfH*$CDSIM<i^&^U fjESi&'f ^Vtf- 
AtDSiJEmox^lg^CDlBat^f?^ 

ft i- *r l x 2> -ft ft fr* fitiK«*nx«i^t J: y ffl < f& o 

fcm^«T tf-A £fflTGtt flDXfM <t *(DiSSfiiia <t * 
fcfcStBWMfcRMtjMU ffiEIMMt^tf-AcDHl 

jfc-r * > tf — Atoxic 

^ >^r>^«»IC J3 < C <!: £ftfS<t-r &R*B 1 - 3 
(DRH^fcE^CD^^ * > tf- A*DX;*;£o 

-3^tt^fcK«(7)^'<^>e-A*Dx^ 
cD«t*nx^ * > tf- a ivc adx^- * *a 

tfcot, ml8H«ADX^Ic^^-<^->e-A^P.It^ 

£LTB0E&frXffcig£toX^*XfI<^ lftEaft*OXfS 

jgrcm^v^^-^saarr &x*i<!:. tfjE3ufc>f*>tr 
— Aomm^iz^ y muz titz&injL.m®£ "toft® 

675ft 2^ <b BfUB^APXfU^cfe y m < & tr 

-A£iMt*a-r*x«*. wr»*sfe«?-if-A<DW» 

jESfcJ; y mJE^SI^A^ 6 2*«^£&£ii L 
T flHB^^^SEM^ £^"t * IS <!: * fc - £ 

Lt HJlK«ftDX^^*DX-r 6X*S*C:fr ? - £ £ftf& 
<!: "f * SI#JE 6 E«£t33lsfc << * > tf- A*0X75 &o 

#Jg 6 Ei£<DJfi ■fcf * > tf — A JjQXTJ&o 
CD#H3a*r*HiJEffi»X^^RStt^S-r ^> C £ £f*& 

<t -r s ts#js 6 umom^ * > tf- a*dx7j;£ 0 

LSI^^lc^Sf^^^iDX^^fcir) 
(DTJjifc&y. ^|c^(7)*DX^(D^$^lS®ft^i*. Br® 
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4 

4*> tf-A*DX75&f::§fnr * t(Dt^* 0 
ffil&ifiteSEM (Scanning Electron Microscope) &^<fc 

om^tf-A*±^s^<*:^2^m^aiffl3fem^fs 

S**f£toXU Br£<D/<*-><D*nX/)^TLfcf£l*t* 
^#^m^tf-A(c^L^Ma>ftS<t^®fc^^-<<« 

20 Afc J: * *DX0)iifn&* r*K^ £St)j&^f Cttt<t« 

-A^s8ifr^-<tr% i*«<D*ox^«(o^b^«^-r 
p^zx^l^^Ilx@^^^^A^^c*lJ^L^#^t^<tc^^^ 

<ffll>t>tt>6tt^r*fe^Si^Si0 2 ^^^>t:-AfcJ:y 
fcta^(D-fflA<*HX^®lllfC^L XL 

Wfi^ffi^ot, S^fCj:y^<(DB$r B 16^$*t^ 
*^^(DBWI*. S4«^^tM*«*PX^i^^^^-> 

x^^Ki^-i±^c<t^<*DX^:fcoiNr<0SEM^. IE 

fcl*. SIM (Scanning Ion Microscope) 

T% ^O^a-trXtrcO^DX^^^-^^ADX^lS®^ 

(nmmz&vfrizirte^nzm^ * > tf-A*px^;* 
40 £frr*i::ar>£o 

±EiW(*. m^#ffl»*-e^®)Bi^r**DXX(iS^ 
<7)fc<tofc<iis^<ft^^fcxT-v±rc^s$ttfc^*Dx 

^»(7)^*DX^fC^^>r ^- > bf— a * Blit*fi u x SUE 
^1^^*11, mlE^^^Vtf- AcDP.lt £f9 
±$1±TRnE^*DX^C0*DX^f9il:L. K^<?!-> 
e-A0KSIt^f?ih$-frfcttSr*mlE«*DX^(DS® 
lc^>5^Emm^^->tf--A(DRB|t^(Sl^^Lrm^ 
-675 Ip) A^ t> BtJE^toXlS® <fc y 10 < «K o fc^m^ tf- 
50 A ^ mlE«*DXfi^ ^(7)ifi^^ 1 6^€> ^ * 
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%m&mm&& * * 2 l x 

ADX^fC^^^ * > tf — A £PJt£S L X fJE«c*DX 
fiilg£*OXU K»X(D^^*3t^TfIIB^W^>tf 
-A(DKBat£*9iti*-t^ Kf9ih^-fr^ttS§T^ffi«*DX 

£«!SfSi$fcHgat^gU J&IEJIUfcm^lf-AttlSiStiE 

oa^fjiEm^^7i->e-A^f?SBa8a«*Dx^fc^ . 
St^S L r tax £fr ? c <t xm&L £ *i* 0 

ftlzi*LW:fcft£titz*^—i>±i~m&Z*itzWLlx\j:to<D 
«Anx^rcm^^ * > tf — a £f?m j££ L r Btjefctin 

XfiJS!t£*HXU SM-f :*>tf-ACDlEJtiMfcJ:y 

flUK^taxnigt an z> §e±? i> 2 ;^^s*i^ £ tea u r nn 

E*£taX^ig(DSIM&£^L. tflgE£l5&^*>tf-A 
(OfJIE«taX^^(D^lt^f?lt$-B:fc«^T'B>ItE^ta 

x^co^® * tfjsaUHfc^ * > tf- AcoRgit^isj 
rest Lxmuttfofr t> rnKteismmm* y so < f&ofc 
m -sm^ tf — a £ Bnefc**nxnig!c £ ^-coi&gMsia <t ^ ^ 
^*«*«*rc!sast*aL. BiiE^m^tf-Ao^it 
fcj; o TiRremm^ * fs^^r a 2 ^^aa l x 

^icte^fc. ssnHm^r^SdPi^T'taxxi*^ 

(Dfc&lctm&^fWcX^r— ^±rcKS^*tfc«*DX 
^(D^ADX^J^t^^^^^"> tf — A£ffll N TJl]X"3~£>2j 
;i-Trfeor. HfllB^taX^ltltfc^-r^Vtf-A^RStt 
ML-CnniB^tax^^ftix^-^xSt. HiJKSMox 

fii^fcm^vv^-^RB^^xg^. fjgasm^7i-> 

tf— A<DHBSt££lC<fc yjOX^nfc^taX^^^-CDift 

^^^^isiA^Bnaa^tax^mj: y «k i^ofcm^m^ 
e-A£iB£t7Mir*>x*i<k. sHK^m^e-A<D^ 
at^rc^ y HfrSB^li^^^±-r^ 2;*mT£&aj 
l r iroiEmHMEasEMtt ££^-f * ig <t £flt * * c 

e-A^SW^^j^Sfc^^ftq^Tfc. mM-<*> 
t> <Dm^ tf- A £ A<£5f::SS*4& 6 

jitozmm, ^s^r^ct^fcLr, k^&^>im*^*dx 

T*&6 0 m^^^>tf-Arc < fc^ADX^2^l^m*fi : ? L ^ 
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ai¥©ic < fcoTeia3$tt^2^mii^ (^^i#2^m 
at. ^6<f7^^Hn>i>^. 2&ra«fim£fcts#©ic 

^T*<D<nxttS§^^fcftitt^)^(Dr*&^)o & 

^tM±taXfIi^fC^X^l^^MltX/N 0 ^^«^^^X^b 

-t**S£l*. *nx^ffi^(DX/N°^^tlTcD^^il: 

ot, 1 Eia^m2isi::<fc vmw?z> 0 

5t-r*^^fc^^^'<^->e-A*ox^afcoc>r 

2^up- Kp^^^^>/<36<igit^ttrfcy. > 

>^ v >/< 1 li/N^u^ 4 LS^7K>^fc J: y ^» 
20 2*u D-KP^^^vV/Ot^fcR^^^^fcJcy 

> >T>^V>/<1 fc(*^*Mfc^7|->lf-A^ 
ttlO. «Ttf— A«tt1U 22fcm : ? : ^>r^'$M2fccfctf 

*»^^->t*-A^f«J10fc(*^«:^®^^>3514. ^f^> 
tf-A^ffl|^«U>X^15. ^^>4r>^mSl6. 3f 

to£tiZ>£?lzU-z>xi^ 0 &tz. «^tf-A^«11l* 
30 S^iMtS^fim (SEW) fcffl^^ttri^tOt 

mwnmmiz&^x&m$±izi&&z$zA,tzftmx&n 

19±^m^tf— A21fcJ;or^S^-^A<. ^^>t*-A 
20A^it^nTt>^P B 1«Ttf-A21l*^^>^r>^^^ 

(0 ^ * > tf- A20SSSt^^ifi^^ tf- A2 1 tU * 

> tf-A20<t i**<D e-Ais^rsi ^mic Lxmm $tt* 
^A<&^>6<. ^<D/r*>mTe-A$ftt8jiu*>^>Tv 

40 >/<1 icStL-^omT tf-A$fi(aSA<S15I^T<t LT55# 

m 2 e-Aitt^«(0fflBisi^f7^ ^ fc^(7)« 

v >/<ni!30JifclSi^lt 3? >S?31 fc» l. 
tf - A^« 1 1 ft It £ K p - Xtt z> z> > v32 
<D7?>i>Zm± : £ : Mm*!t LXM?mZtitzi,(D£U 
oTt>^ 0 :7^>v31<D±®^5tMzm£LTHWI+^ 
ttfc2 0(D*7-<C7P>— ^^^y K33^<fcoT. «^-tf— 

Att«ii(«ffl*«4ci:^<^a>ttiaeA<ia»nrttt 

50 ^otl^tO)t'(fc^ ^fc. ITt- A^#fttS(D^ 
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Jt, S&3l3ir:^£?fcm^tf-A216^*>tf-- 
A20^*t t & £ ft & e £ 4, 0 J: ? fc 18^ tf- Aftffi 1 1 1* 
iftffi£ft&A^ ^ft&eHi^Vtf— A20T**OX£*i 

tiS^lc^oTl^o m^tf— A2K*S^(?)<t 

mm z> m iz® it * ^ c t £ l t * 0 
is** 2 ^fo^$ i2(*m^ e-Afoisn iwcs&s 

«^T-<T^^12^. fcX^®ii£lt«L&l^?fc{a: 

(»iftmziEn&&tt^nm3£&i+z>ztx % -sqiiA^ 

X 2 ^ITf-fT^^^I-^ot^^ 2 

4 *-ismm&mz& v=E-*5itzsBmt lt$^? 

tf-A21£^>*>^LT^*>eW*20£Si**19fc 
H8£tLTl>£i§£-|::(;*. -<;*->t:— A20f~£*2;*m^- 

^2^m^-rT^^i2rc < fcys?^^c<tfc e kor. si 
x{4s^^«)^-<<x,y^rBI^c^®)or < ^:^ort^>5) 0 M 

£L<(*S£fcz!6 (^*>tf-A*6) ,Xlft,YI4lHiyfcI5j 
JitEmf#(D£S£m^*>e-AfCj:oT;*toX£ 

&*»xfsj£50<t. mTe-A»c^or^s^^^^ti 

^51<D-i59^^^o -<^>tf-ArcJ: y^50^-®X 

* v >ir s n izm* if- a -e*oxffiM* zmm? * ®&x~ 
&\z—A>***>omm<Dm£n7miz7f;T<> m7mx 
it\z—AOx&Xfax*<D** j r>iz-oi^xiz&wx&z> 

tztblzmir^&LX^Zt^ -<7|->tr-A6<y ^ffilfc- 

isix^rv>-r^,F e i. m^e-Ai*^ 

hy^fa***^tf'ttUt>1XZ>*>(I>tU'?Xl^ 0 C<7) 
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^^>t*-AfCcfc^*DX^^lCci:y4$>5?(C^M-r 
2>C<tj6<M£L<. ^*>tf-A£&<fcTi£i$ 
fC**V>U *IJXSiig£-®X4^>T£fli1fC<l^L 

A>jnxLfci^#T*aDx-f &*t^f*. -<^->e— u\z& 
oTmnx^m50£&&@x*v>^*@icm^tr-A 

T@^X*V>T-JBX^*ii^(* % -lHlfC*DX^n^S 
*>e-A(OX*v>6<igl>it£i*. -Y^>e-ACDx 

x^rvv^fT^ortcfciv t£ i EKc^r^^->e— A 

^-tf-A • x^-v~>^«qfflJS54t?^i»ll®SIS586^t>(D 

*<?mw£ftte^xi^*><Dx&* 0 uts* e-A(Dx 

^fcfc:b*lTl^ii^l*. -fTl-Vtf— A20fC<fc^JtUXT* 

fcm^^^itLS*«i9*®r*(DjEm^^4>fa-r^^AA< 

30 ?zn*iz$BM&mtzt~Dxt*S'<x±uz^£fr 
t,. mT^>v9^6o^m^^ia^fi^^>^>^^}§g 
59t«tym7 0(C7F-r^7i->e-A ■ ^^>^r>^is^ 
tm-*4 ^yyxn^i/^oiz^zt^isir^v&frtf 

k>1xZ>&o\zU^Xl^Z> 0 

VL±<DmtfL(D&m & m t ^um tr— a2ot- *n 

xloo. A2ir**ox^tt^^-r^<b. m 

ftl8B(a), (b) . (c) fc**r«fc J 3fcSEM«tf 
Hb*i^6<, SEM^<O^^M^m^e , -A21<0^7J->lf 

-A20fc^-r^ft^ei^ < fc»iHrt>^(7>r% msgi 

40 (d) tZ7fiT£olz^ K40<Dm£DtttiLT(D&oiz$!.tf) 
t>HZ>^tlzt£& 0 

D=H/sine=Y/ (Msin0) (1 ) 

<IU ®)H41(?)^^(*i-^/J>$<^^>e-A20i:« 

-<*->e-A20A<flB< ^^fc^MOtlM^CD 
^f+^^lNig^l*. (d) f;:^-rjOic«!lH 

50 41(±^5!|->e-A20^Srr^tTfc^^ o LA^ 
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^S41A<f£tu^J:olc^:4 0 *f;!|->fcf-AgCD;*:££l:: 
m>b^toX&#*>*OX*tSu *DX2E$^<fcoT*DX^ 

CZ>Z£lzUZ> 0 CCD^^2fe#-T-<<^9ElfC^-riPX 
SIBTrte'f *-*Jto&mStz 2 oco^E-* 57,57' 
^^fc^COtfcoTl^o ^-^57l*^7h>e-A20 
fCcfc*SIM&£. ^*57' (im^f-A21fcJ; 

ZSEm&&ttZtz&lz&li*titzt<0T'&Z> o Ltz 
Abt, ^-^57' fc(i*ox;ft£fttf>Ji*6^£fc& 
A*. ^~^57fcf*ADX^^m-b^ba/c^^*5fv^tt^) 
c£fcfc* c ftttWfcfiSfnOHK^r^fc. inx^40 

57' fc(*Jnx^40«ftK©*fil^&iafcSElyl«60' ^ 
^-^57^(i*DX^40^S-t^«bSfcSIM^60A ? 

*U£. ^f5T^W^H^^©l§l41<D(®^a6<^:#t^^ 
T?*>. *DX^40CO^$D^iEL<^tf)^Ct^^<!:^ 

fin*.. H=Dtan«. H ' =Dsin (<* + €>) /cos«t^ 

H/H' =sina/sin + =K£fctf-tf. tana (* tan 
a=Ksin0/ (1-Kcose) t LTmmZtiZ C <t 

D{*&T<0<fc?f::#<fc£;h.£tC0X?fo£ o 
D=H/tana 

= (1 -Kcose) / (Ksine) (2) 

CCO<fc?l:i. 20(0^-60,60' fr£>#<fc*:H,H' il^ 
tf— ACOflg^fc 0 J:yADX^(Z)ai$ DA<xC (2) !::<*: y 
*#>£*i£fi<* Z<D»tJt(**11BI::*-r ^E-^ 
57,57' £*fcttl£^£^lli®60,60' fc*Jh.«i* — 

- Y 4 <fc o fc ? X. c *L $MM»M x , HfeTW -5 c 

tT'H' ,H£*#>tz'&i*. it (2) zmm^-zv? 

i7«*EfcJ:o-C, e»Wfc*nx^$DA<#*> 
otttori^. ^-^i*^-TL^2^^-e(* 

s^e~Ax+v>is^^«j^x-r^«sm62^^>-^ 

fflflJ3i56l*fcgSrH\ 1 £co^-S57fcSEMi£<tSIfe«S:£tf] 
&£SIM^£l^i$fc&^LT*,cfcl\, SEM<£<tSIM 

! .HaTfftwEaiA^ <b £ A/ Y^Y 4 ^m~ttHt 
<!:^6r% toXBSfc*l^0M;*->tf-A2O£ffl(^T 

^^:ig^lcli^13S (a) fCTj^Tcfc^fc. ^l^CO-f* 
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>tf-A20T*<D*HX£fTfcl\ £ y &Z-T&miZfcCm 

^>v9- es^jCMtaJ^fcu cco*nx&*-c&^rc 

C&Cmi30 (b) , (c) fC^* ^fCtf— A&£*^ 

AMt* C <t < fr^&l^#&C0SIM&£1#£ <h <t 
fc. <^->e-ix20$^^>+>^UfcttSgr'l*1iqF-tf 
-A21$X^rV>^^C<tT*SEM«^«^^l>of-^ 

io i4Sic^-r<fc^fc ^*>:&^i5co&4M::s#o*:^ 

^=to2oco^6^Sft^HfcpTStite66$S9:lt. 

y 7 -f - KXJU— 67 L7 <7 ^ a. x— $ 68T* pJSft 

«66$Bf3t(aillc^«|-frL«>*Cfc-e. -<3*->tf— 

M15B (a) . (b) izijk?£.^lz, 7A'-fttL 
T CO 2 o<0^69 ,70A^ * > tf — A3&71 fc*t U*-*l*-**t 

#IM- * > tf- AC0^^^lt(aSA f 3rM(iS<t: y 

z>^tizuz 0 zititznLxm^mtzTr^^oiz. 
iae-rn^iE-r^fctf)co*>^ hiE^^EiSLxjD 

m i im i* 2 ff^cosEM^ ^ * AKo*ox^a<oii j« 
^^Lfctcor^y. $Emmmiz2*<Dm=f-tf— 
Mil .11' A^co^jsi^mrcLriftit^^fctco^^ 
otl^ 0 lorttcomTif-A^miuir am^^^-^ 
s^®fcm^e-A$RgitL^. 2^«^^-r^<7^i2 
r*tt^-cO«^®A^ £<0 2 ^m^^si-f J; ^ fcSSlt 
30 t>tltz*><D£U-DXl^Z> 0 <fcot, ^fe2*com^tf— 
ABWII.ir t 1 *<02&W^-f ^<7^12I*A0X^: 

(0i^i:#ifcffis$n>5ct ^fc^ort>-5 0 cco«fc^(cm 

T*^<*X!^(0^$^a»fC^i6t,^t^^r*feo 
tt, 2H^COSEMJ;y*PX^:c05E$$esa5f^*) 

fc^f «fc ^ fc^ y 80COJ$SA^T*fc>5 <t e-AC04 , '06> 

M41fc?5M^^><fc^^^>5>o Lfci^t, CC0I5^ 
iCcfe ortlll41 t>coK^Br®co®^(*ttlf t,tt>5> c <t 
fc^^ e LA>L. mi8H (b) fc^^^fc^^ve- 
A20CO)H y 80CDi$&A<g^*a^fi, X/< »y ^ tiTI*^ y 

-fjc^rc ^y^Tcoj^fr. 3fci3iy§BJS{aiB*iaiyi«T 

rcMoTiit^y^s$tt^>m^i*. ^j^co$n<ff^ 
fc^*PX^tt^>C<!:A<Ktrcftlibnrfcy. s^co^x- 
50 l*^Syc0^ll4HC(*X/N°^^|i^COm«A^d:<Sf® 
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^rc. &&]Qo&m%2tz}Q^tzGLi&X'<D8i& 

&srr ^ < 3*- y ? *91 ic<t y -< * > tf — a^bm oi* > 

INT. SiO^toXtc^LTIiSFe-XeF^^^^^^^^S 
T % BiWJ&m ^tt<-sit& Si0 2 <tAI 

tomm^n^ismoum^^xit. *nx*co# 
mizmistzrt^&mAsXtettrt-rztK &z>iMtm&Ji 

A0X& *f * > tf— A fc J: o X JHX* o T t . 

Sm&*tM*«toX&£f£I&$1*6 c <t < fcJXftfco 
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mi si*. ^^f^*m^-<^->tf-A^x^®(75- 

msElli. 2&®^<< J r^*(Dtea>S9:1£5S 
«£^-tE. ffceBI*. -<*>tf-AlCcfc&x^>$I 

10 I*. *<*>tf— A. «^ftf— Aic^-r^x^rv>«im)a> 
ffl£^-fS. ms0 (a) ~ (d) (i. SEM«<fcy*nx 

co*^^ic^^m^>r^>tf-AADx^aco«5Rj£^^-r 

0. 3&10EH*. SEM&£SIM&<fcytoX^££jfc<fc£fc#> 
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